1.46-4.07) and unmatched controls (OR = 2.25, 95% CI = 1. 48-3.44). This observation was corroborated by a linear increase in risk per surgical discharge (OR = 1.57, 95% CI = 1.13-2.18; OR = 1.50, 95% CI = 1.18-1.91). Surgery of various body systems, including peripheral vessels, digestive system and spleen, and female genital organs, was significantly associated with increased sCJD risk. Conclusions: A variety of major surgical procedures constitute a risk factor for sCJD following an incubation period of many years. A considerable number of sCJD cases may originate from health care-related accidental transmission. 
Introduction
Creutzfeldt-Jakob disease (CJD) is a rare, fatal neurodegenerative disease with deposition of a pathologic isoform (termed PrPSc) of the normal cellular prion protein (PrPC). CJD exists in various forms, namely, inherited, caused by mutations in the gene encoding PrPC, acquired (variant and iatrogenic), and sporadic. Most cases are classified as sporadic (sCJD), the etiology of which remains unknown [1] . A history of neurosurgery can be a risk factor for CJD. In addition, CJD might be transmitted during other major surgical interventions by infectious PrPSc surface-bound to reused instruments, despite repeated cleaning and sterilization [2] .
Seven case-control studies [3] [4] [5] [6] [7] [8] [9] [10] and one meta-analysis [11] investigated surgical history as a risk factor for sCJD with partially inconsistent results. Several of these epidemiologic studies had important limitations, due to potentially underlying case selection and/or recall bias [3] [4] [5] [6] [7] [8] [9] [10] , or bias conferred by the use of clinical controls [3] [4] [5] [6] , surrogate informants solely for cases [3, 4, 7, 9] and different time intervals for operations [7, 9] . Hence, there is a clear call for studies that can overcome these limitations [10] . This need has been underscored by additional evidence of blood-related iatrogenic transmission of variant CJD (vCJD) [12] [13] [14] [15] , a human transmissible encephalopathy with a considerable accumulation of PrPSc in lymphoreticular tissues [16] , and by evidence from experimental models demonstrating a significant probability of successful transmission among animals exposed to infective tissue by different, surgically relevant routes [17, 18] . Experimental work suggests that lower inocula of prion protein correlate with a long incubation period [19] , which may indicate that the sCJD incubation period from the time of surgery may be long.
The aim of this registry-based case-control study was to identify associations between history of surgery and risk of sCJD in the national populations of Denmark (approx. 5 million) and Sweden (approx. 9 million). For both cases and controls, information on surgical history was retrieved from national hospital discharge registries, thereby ensuring an unbiased ascertainment of exposures.
Methods
The study was designed as a case-control study with two control groups: one matched and the other unmatched. We selected two control groups in order to improve the reproducibility of the study, the robustness, and allow for comparison with previous published work which included both matched and unmatched reference groups. The base study population was the resident population of Sweden in 1987 and Denmark in 1994 , aged 40 years and over. Both countries maintain continuously updated centralized population registries.
Case Selection
A case was defined as a person from the base study population who fulfilled the established EUROCJD diagnostic criteria for sCJD [20] . Potential cases, 212 Swedish and 78 Danish, were identified from three sources: National Hospital Discharge and Causeof-Death registers, with diagnoses at discharge or death coded as 046.1 or 331.5 according to the 9th revision of the International Classification of Diseases (ICD-9) or A81.0 as per ICD-10 in Sweden, and A81.0 or F021 as per ICD-10 in Denmark; the third source was the mandatory notification system for suspected CJD cases, introduced in both countries in 1997. Diagnosis of probable or definite sCJD, and the date of clinical onset and death were validated for each potential case. To this end, CJD surveillance personnel and board-certified neurologists (including the authors G.F., H.L., K.M., M.C., and Å.S.) used information from case notifications, medical records, death records, and autopsy reports. All validated probable and definite sCJD cases, with onset in the study period, were included. The vital status of cases was verified in 2003 using national population registries and direct contact.
Control Selection
Controls were randomly sampled from national population registries. Five matched controls (MCs) per case were sampled, matched by sex, year and month of birth, and municipality of residence on December 31 of the case's year of death. For 3 cases who were not found registered as dead, the year of the latest hospital discharge was used instead. Unmatched controls (UMCs) were sampled from the resident general population aged 6 40 years at a rate of 20 per million in Sweden and 30 per million in Denmark. This sampling procedure was repeated for each year in which cases from the respective country were recruited.
Exposure Ascertainment
For cases and controls alike, data on past hospital discharges [diagnoses, surgical procedures (SPs) and dates of admission and discharge] were obtained from the National Hospital Discharge Registers in Sweden and Denmark by the authors Å.S. and K.M. Personal identifiers and case status indication were removed before the authors J.P.C. and I.M. analyzed the data with respect to exposure to SPs. Reported SP codes were identified and categorized according to Swedish, Danish and Nordic (NOMESCO-NCSP) classifications of SPs [21] [22] [23] . Codes describing procedures that were not properly surgical, such as delivery, and nonspecific codes, e.g. 'investigative procedures connected with surgery', were omitted from further analysis.
The remaining SPs were categorized into two major groups: 'main surgical procedures' and 'subsidiary procedures'. Main SPs were further subdivided into 15 body system groups ( fig. 1 ) as defined in the 1.7 edition of NOMESCO-NCSP (http://www.nordclass.uu.se/verksam/Ncsp1_7.pdf). 'Subsidiary procedures' is a heterogeneous category that includes minor surgery (punctures, needle aspiration or biopsy, superficial incision), other nonsurgical, potentially invasive procedures, such as transluminal endoscopies (with or without biopsy), and blood transfusion.
Definition of Time Windows of Exposure
We defined a priori five time windows of exposure [24] , based on biologic knowledge, clinical management, and study size ( fig. 2 ) . For cases and their MCs, index date 1 (ID-1) is the date of the cases' death (or the last hospital discharge if a patient was still alive at the date of time window definition -2 cases only). Index date 2 (ID-2) is the operational date of the cases' symptom onset. For UMCs, ID-1 was defined as December 31 of the year from which the UMCs originated, and ID-2 as ID-1 minus 159 days (until 1996) or 151 days (after 1996). These periods are the observed mean disease durations from onset to death in cases until and after 1996. We decided to calculate them separately, because we expected that CJD with a short duration, i.e. among the elderly, would be better diagnosed after the first report of vCJD in 1996 due to a higher awareness of clinicians.
The earliest limit of individuals' time window 1 was openended. It corresponded to early national discharge registry coverage, which was fairly comprehensive in Denmark in 1974 and had been progressive in Sweden since 1973, reaching 78% of the somatic care hospital population by 1977 (www.sos.se/epc; www. scb.se/databaser). The earliest-in-life registered surgical discharge of a case occurred at age 23 in 1979.
Statistical Analysis
An individual was classified as exposed to a specific category of surgery or procedure in a specific time window, when at least one discharge associated with at least one code of such surgery or procedure had taken place at a date within the limits of the designated time window; surgical history in other windows was disregarded. In core analyses, only individuals who underwent no kind of main surgical or subsidiary procedure during the window under study were considered unexposed. The independent effect of main surgical and subsidiary procedures was quantified in complementary analyses by including the two exposure variables in the same regression model. Multiple exposures were defined by the number of surgical discharges.
Conditional logistic regression was used for comparisons with MCs, and logistic regression with adjustment for age, sex, and country of residence at ID-1 for comparisons with UMCs. Only exposures during time windows 1-3, i.e., predating ID-2 by 6 1 year, were considered relevant for the present study and included in the analyses.
The study was notified to the Danish Data Protection Agency 
Results
In total, 167 sCJD cases (113 definite and 54 probable), 835 MCs and 2,224 UMCs were included in the study ( table 1 ) . Recorded mean and median disease duration were 154 and 92 days (range: 3-963), with 2 Swedish and 1 Danish probable sCJD cases being alive at the end of case finding. Mean and median ages at clinical onset or ID-2 were 67 and 68 years (range: 40-88) for cases and MCs, and 60 and 58 years (range: 40-99) for UMCs. The annual number of cases was higher in Sweden than in Denmark (which has a smaller population). Due to the sampling procedures, the annual number of UMCs was similar for both countries ( table 1 ) . Time at risk of surgery covered by each window was the same in cases and controls by design. Duration of registered domestic residence in Sweden from January 1, 1969 to clinical onset or ID-2 accounted for 100, 99, and 96% of lifetime during that period for cases, MCs, and UMCs, respectively. The combined surgical experience of cases and controls corresponded to 1,445 distinct SP codes related to 3,876 hospital discharges during time windows 1-3 ( fig. 1 ).
In the time window 6 20 years prior to CJD onset/ ID-2, cases had an increased risk of major surgery compared to both MCs [odds ratio (OR) = 2.44, 95% confidence interval (CI) = 1.46-4.07], and UMCs (OR = 2.25, 95% CI = 1.48-3.44) ( table 2 ). There was a significant dose-response effect with a linear increase per surgical discharge (OR = 1.57, 95% CI = 1.13-2.18). There was also a tendency towards increased risk of major surgery in time window 2 (10-19 years prior to disease onset), but no indication of excess risk in window 3 (1-9 years prior to disease onset) ( table 2 ) .
We conducted subgroup analyses by country, study period, gender, age of onset, and case classification ( table 3 ). A statistically significant excess risk for main SPs carried out at least 20 years before onset of sCJD was present in most of these analyses, and the point estimates remained stable. Table 4 shows results for major surgery of specific body systems, as well as statistically significant findings for procedures carried out in other time windows. The number of procedures performed in window 1 varied substantially between groups. Statistically significant excess risk, sometimes based on sparse data, was registered for gastrointestinal surgery, gynecologic surgery (compared with UMCs only), surgery of peripheral vessels and lymphatic system, and thorax surgery. The most frequent SPs undergone by cases, for which excess risk was observed, were distributed as follows: of 14 gastrointestinal procedures, 3 were appendectomy, 3 explorative laparotomy, and 2 hemorrhoidectomy; of 26 gynecologic procedures, 10 were uterus curettage and 9 were cervix conization, excision or curettage; all 6 vascular procedures were varicose vein surgery. In addition, in comparison with UMCs, we observed an excess number of operations on heart and major thoracic vessels in cases, predating clin- Surveillance diagnostic criteria for definite or probable sCJD were used. Definite cases were neuropathologically/immunochemically confirmed. Probable sCJD cases fulfilled reported clinical criteria (rapidly progressive dementia and specific symptoms) and laboratory criteria (typical EEG, or duration <2 years + positive 14-3-3 protein test in cerebrospinal fluid ), http://www.cjd.ed.ac.uk/ criteria.htm. One probable sCJD case was excluded from the study due to unclear onset date within the limits of the study period.
ical onset by 1 or more years (OR = 2.61, 95% CI = 1.08-6.31), and at a 1-to 9-year time lag (OR = 2.61, 95% CI = 1.07-6.24). Five of the 7 cases exposed to heart surgery were definite sCJD patients and 5 of the 7 procedures were coronary anastomosis or bypass.
Finally, complementary analyses using alternative time windows (1-4, 5-14 and 6 15 years predating onset/ ID-2; table 5 ) confirmed most prior significant findings. In these analyses, however, the excess risk of gynecologic and cardiac surgery seen in table 4 , and -when controlling for the effect of main SPs -that of subsidiary procedures became statistically nonsignificant.
When major surgery, other than cardiac, was analyzed, there was an increase in risk with time lag after operation compared to both MCs and UMCs (namely OR = 1.06, 95% CI = 1.02-1.09, and OR = 1.05, 95% CI = 1.02-1.08 per latency year, respectively).
We examined spatial patterns for major surgery which took place 6 20 years before onset and for which statistically significant excess risk was observed. Each of the 28 patients concerned had been discharged after such surgery from different hospitals, except for 2 who were admitted to the same clinic within 13 months and developed sCJD 23 and 21 years later, respectively. 
Discussion
Overall, the present study indicates that a considerable proportion of sCJD may constitute a health care-related disorder, accidentally transmitted during surgery. While this has been suggested before [7] [8] [9] [10] , the present study is unique because of the unbiased assessment of exposure histories for decades before disease onset, randomly chosen controls, and strict lag time measurement. The lack of surgical history data prior to the establishment of the National Hospital Discharge Registries in the early 1970s and low statistical power preclude the assessment of early-in-life surgery or specific infrequent procedures. The main findings were supported by analyses including both MCs and UMCs. The UMCs were not essential for this study, but it was reassuring to learn that a similar study could be undertaken in another setting where it was impossible to sample MCs as a reference group. The validity of our results could be affected by selection bias if CJD detection rates were higher among surgical patients subjected to medical follow-up due to their underlying disease or to detect possible complications of surgery. Since most associations were only seen for long latency periods (i.e., 20 years or more prior to onset of CJD), such a mechanism appears highly unlikely. One exception, however, might be the case of coronary sur- 2 Procedures, either main surgical or subsidiary, other than surgery under study. 3 Separate regression models with only 1, 3-nominal-level, independent variable for surgical exposure. 4 One regression model, with 2, 2-level variables, independent variables for surgical exposures.
gery, but would only be plausible, if there was considerable CJD underascertainment in persons where coronary surgery was indicated. Another potential source of selection bias could be changes in diagnostic accuracy which inevitably occur over such a long study period, notably increased awareness of CJD after the report of vCJD in 1996 and availability of the test for protein 14-3-3 in cerebrospinal fluid since 1998. However, at least in Sweden, sCJD incidence for 1970-1998 [25] was similar to that reported during active surveillance thereafter. Consequently, our low study accrual rate for the period 1987-1996 might best be attributed to difficulties in finding hospital records of these old cases, and would thus be unrelated to underascertainment or surgical history.
Differential misclassification of iatrogenic cases as sCJD cases might have occurred due to overlooked use of dura mater grafts in surgery. In Sweden, inspection of medical records revealed the presence of 1 case of iatrogenic CJD who died in 2002 and was removed from the study. While dura mater grafts may, in theory, have been used in gynecologic surgery for urinary incontinence and in other surgery, the lack of reported iatrogenic CJD in Sweden [25] , and the shorter incubation periods described for iatrogenic CJD [26] suggest that overlooked use of heterologous dura mater grafts does not explain the excess risk of sCJD for individuals exposed to specific groups of SP in our study.
Surveillance bias, i.e., overascertainment of sCJD among the 54 probable sCJD cases without postmortem confirmation, cannot be ruled out. However, it seems unlikely that such misclassification would be associated with surgical history 6 20 years ago, and will therefore be nondifferential.
The geographically based referral system for surgery in both countries, with free and equal access to health care, registration of SPs prior to sCJD diagnosis, and similar expected-versus-registered times of residence should have minimized differential misclassification of exposure. Nondifferential misclassification of exposure to surgery, potentially resulting from our window design [27] , errors in person numbers, or coding of SPs should be low. Moreover, since their additional effect is dilution, i.e., OR towards unity [28] , true associations should be higher than those observed. Owing to our study design, recall bias can be ruled out.
Potential confounders are overlooked causes of CJD associated with surgery, not implicated in the same causal chain. Intra-or postoperative blood or blood component transfusion and skin incision are potential confounders which we did not control for. Neither surgery undergone in the 1970s nor body system groups with highest observed excess risk appear to be especially correlated with considerable loss of blood, blood transfusion or size of surgical incision. Potential confounding by variation in surgical practices or indications was controlled for by the study design with year-to-year entry of cases and controls into the study.
The fact that the highest ORs were observed for the earliest time window ( 6 20 years before CJD onset) fits well with epidemiological theory [24, 27] and with the long latency required for the process of neuroinvasion following surgical transmission [29] , thus making a causal association plausible. Since cognitive impairment and brain emboli following coronary artery bypass grafting have been reported [30] and 2 cases exposed to coronary surgery were probable sCJD, bias due to misdiagnosis or indication of surgical treatment cannot be ruled out for heart and major vessel surgery.
Conflicting reports from previously published casecontrol studies regarding the association between surgery and sCJD may partially be explained by variations in the type of control subjects used and in exposure assessment [31] . Even though we did not find a significant association between surgery performed at any time predating 1 1 year before onset, our results are consistent with positive results for lifetime surgical history found in recent, large studies using community controls [7, 9, 10] . Like us, one study reports dose-response effects [7] . Hence, in accordance with these studies and other reports suggesting that some types of surgery, e.g. cataract surgery [32, 33] , might be performed as a consequence of early sCJD manifestations, it appears that surgery may constitute: (1) a risk factor of sCJD with a considerable time lag, and (2) a risk indicator with yet unknown causal links for specific types of (recent) surgery, possibly including coronary surgery.
What then are the potential implications for public health? Based on period-specific ORs of 1.44 (10-19 years) and 2.44 ( 6 20 years), and 22 and 19% exposed, unrepeated cases for each window, we estimate the population-attributable proportion to be 18%. This figure may constitute a considerable underestimation of the effect of lifetime surgical history on sCJD incidence, because in our study the ascertainment of exposure to surgery before the middle of the 1970s was compromised by the incompleteness of hospital discharge registries. In the UK, a positive lifetime surgical history was recorded from 1980 onwards in 58 and 59% of vCJD cases and controls, with median ages of 26 and 33 years [34] . Since the major-ity of surgical interventions at such ages was not captured in our study, and our results suggest that the lower the age at surgery, the higher the risk, the figure of 35% proposed by Ward et al. [9] for the population-attributable risk of sCJD due to lifetime surgery in the UK would appear to be a conservative estimate for Denmark and Sweden.
While negative results have been reported for clustered surgical chains [35] , studies supporting the hypothesis of a frequent surgical transmission of sCJD might be a French cluster of multioperated cases [36] ; the high sCJD incidence in regions with a high incidence of genetic transmissible spongiform encephalopathy, potentially acting as a focus for point source epidemics, such as in the Spanish Basque Country [37] (http://www.isciii. es/htdocs/pdf/DatosRegistroCreutzfeldJacob.ppt), and occasional increases in CJD incidence in countries where iatrogenic transmission has been mentioned as a possible cause [38] .
To conclude, we provide evidence to indicate that surgery, acting with long incubation periods, has constituted a risk factor for sCJD in Sweden and Denmark. The associations may have implications for precautionary measures and surveillance.
